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Scheduling has received the attention of a large number of researchers. Among the scheduling problems addressed, project scheduling has been the most prominent. Traditional scheduling methods such as PERT (The Program Evaluation and Review and CPM (Critical Path Method), are enough for Production scheduling because they assume that resource availability is unlimited. This assumption is not valid in most practical situations, in which there exist definite limit on the amount of resources available and these resources (renewable or nonrenewable) are shared by a number of activities or even projects. Resource constrained project scheduling problems (RCPSPS) involve assigning jobs or tasks to a resource or set of resources with limited capacity in order to meet some predefined objective. Different objectives are possible and these depend on the goals of the decision maker, but the most common of these is to find the minimum makespan [3] . The Constrained project scheduling problem (RCPSP) is the optimization problem in which the objective is subject to precedence relation between the activities and the limited renewable resource Since the pioneering work of Kelley [ constrained project scheduling problem has been addressed by a great numbe Several exact procedures have been developed to solve the RCPSCP by a number of authors. An exact solution for the non-preemptive resource constrained project scheduling problem was formulated by [ is impossible to obtain optimal solution to large RCPSP problems because are known to be NP [7, 8] . A problem is classified as NP no known algorithms for finding optimal solutions in polynomial time. Hence to solve problem of generally experienced in practice, most research efforts focus on the development of which produce good solutions but not necessarily optimal. These approximate methods have been used by authors include but are not algorithm [9, 10] , Ant colony optimization [ simulated annealing [12] and Tabu Search [1 Genetic algorithm mimics evolution in nature to find good solutions to problems. It uses the fact that only the fit survive. The chromosomes (fat engage in crossover operation to produce other chromosomes (son and daughter). The chromosomes produced also mutate themselves. Due to these operators (crossover and mutation) fitter In this paper, a permutation chromosome encoding scheme is proposed for obtaining solution to resource In this paper, a permutation chromosome encoding scheme is proposed for obtaining solution to resource In this paper, a permutation chromosome encoding scheme is proposed for obtaining solution to resource In this paper, a permutation chromosome encoding scheme is proposed for obtaining solution to resource constrained project scheduling problem. The proposed chromosome coding method is applied to Genetic algorithm constrained project scheduling problem. The proposed chromosome coding method is applied to Genetic algorithm constrained project scheduling problem. The proposed chromosome coding method is applied to Genetic algorithm constrained project scheduling problem. The proposed chromosome coding method is applied to Genetic algorithm iented programming. The method is applied to a numerical example iented programming. The method is applied to a numerical example iented programming. The method is applied to a numerical example iented programming. The method is applied to a numerical example with two different stopping criteria. The results obtained are encouraging as they are in agreement with published with two different stopping criteria. The results obtained are encouraging as they are in agreement with published with two different stopping criteria. The results obtained are encouraging as they are in agreement with published with two different stopping criteria. The results obtained are encouraging as they are in agreement with published can be used to obtain results to large can be used to obtain results to large can be used to obtain results to large can be used to obtain results to large
Since the pioneering work of Kelley [5] , the resourceconstrained project scheduling problem has been addressed by a great number of researchers [4] . Several exact procedures have been developed to solve the RCPSCP by a number of authors. An exact preemptive resource constrained project scheduling problem was formulated by [6] . It is impossible to obtain optimal solution to large-scale RCPSP problems because are known to be NP-Hard ]. A problem is classified as NP-hard if there are no known algorithms for finding optimal solutions in polynomial time. Hence to solve problem of the size generally experienced in practice, most research efforts focus on the development of efficient methods good solutions but not necessarily optimal. These approximate methods have been used by authors include but are not limited to Genetic ], Ant colony optimization [11] , ] and Tabu Search [13] . Genetic algorithm mimics evolution in nature to find good solutions to problems. It uses the fact that only chromosomes (father and mother) engage in crossover operation to produce other chromosomes (son and daughter). The chromosomes produced also mutate themselves. Due to these operators (crossover and mutation) fitter [14] . When fitness of the chromosome depends on order only, permutation encoding is ideal. Permutation encoding is used in ordering problems, such as traveling salesman problem or task ordering problem. When fitness depends on order and value, binary encoding scheme is used. In binary encoding, each object variable is encoded in a binary string (0 or 1) of a particular length defined by the user [15] . In value encoding, each chromosome is represented as the string of some value. The value can be integer, real number, character or some object. Binary Encoding is the most common representation of chromosome in genetic algorithms [16] . However, not all problems lend themselves to coding using the binary or permutation scheme. Specifically, in resource constrained project scheduling, a chromosome is represented by a schedule which is a permutation of the activities in a project. In this case, it is impractical to represent the chromosome using binary notation. In this paper, we propose a permutation encoding technique for solving resource scheduling in project networks under finite resources using genetic algorithm. The proposed method is illustrated using a numerical example for a single resource problem. Problems with multiple resources will be the subject of subsequent articles. 2 2 2 2 MATHEMATICAL MATHEMATICAL MATHEMATICAL MATHEMATICAL MODEL MODEL MODEL MODEL The resource constrained project scheduling problem consists of n+2 activities which must be executed before the project can be completed. The first and last activities 0 and n+1 are dummies and hence do not consume any resource and do not also take any time to execute. Let K = {1,……..k) be the set of resources. During the period dj when an activity j is being processed, rjk units of resource type k are required. The total amount of resource type k available at any instant is fixed and limited to Rk. The Resource Constrained Project Scheduling Problem (RCPSP) can be defined as finding a schedule of activities which minimizes the time it takes to complete the processing of all the jobs taking into account the precedence constraints as well as the limited availability of resource. Let j F denote the finish time of activity j . A schedule is given by a vector of finish times 1
− ≤ ≤ be the set of activities which are being processed at time t
The linear programming model for the RCPSP as given by [17] is;
The objective function ensures that the finish time of the last activity is minimized. The constraint stated in Eq. (2) ensures that the precedence relations among the activities are satisfied while Eq. (3) ensures that the resource being utilized at any moment does not exceed the maximum capacity available.
GENETIC ALGORITHM PROCEDURE
GENETIC ALGORITHM PROCEDURE GENETIC ALGORITHM PROCEDURE GENETIC ALGORITHM PROCEDURE Genetic algorithm is an evolutionary process used to obtain approximate solutions to problems. It mimics evolution in Genetics. A flow chart of the Genetic Algorithm process is shown in Figure 1 .
Figure 1: Genetic Algorithm flow chart
In the following sections, a description of the steps followed in the paper is presented.
ENCODING OF CHROMOSOME
ENCODING OF CHROMOSOME ENCODING OF CHROMOSOME ENCODING OF CHROMOSOME In this work, the chromosomes are coded as a sequence (permutation) of project activity ID's. The strings indicate the activities in the project. For example in the project depicted by the network in Figure 2 , a possible chromosome is shown in Figure 3 . Figure 2 We note that the arrangement of the strings in the chromosomes does not violate precedence constraints. The makespan of the schedule can then be found by drawing a Gantt chart (or finding the maximum of the vector of finish times) with resource on the ordinate and time on the abscissa, noting that in addition to precedence constraints, the resources required to execute an activity must be available before execution of the activity in question can commence and must be available throughout the execution of the activity (no preemption).
INITIAL POPULATION INITIAL POPULATION INITIAL POPULATION INITIAL POPULATION
The initial population comprises of a number of precedence feasible schedules generated by using a Random key based Serial generation scheme. The Random key serial generation scheme ensures that all the chromosomes of the initial population are precedence feasible. The randomness of the initial population generation scheme ensures that all potential precedence feasible chromosomes (schedules) have equal opportunity of being selected.
6. COMPUTATION OF CHROMOSOME FITNESS 6. COMPUTATION OF CHROMOSOME FITNESS 6. COMPUTATION OF CHROMOSOME FITNESS 6. COMPUTATION OF CHROMOSOME FITNESS The fitness of each schedule (chromosome) is calculated by finding the makespan of the chromosome given the resource constraint of the project. The makespan of a chromosome is obtained by developing a vector of finish times of the activities in the chromosome given resource constraints. The maximum finish time of all the activities in the chromosome is the makespan of the chromosome in question. Since the objective in resource constrained project scheduling is the minimization of the makespan, a chromosome with a small makespan is regarded as being fitter compared to one with a larger makespan.
7.
7. 7. 7. SELECTION SELECTION SELECTION SELECTION In this operation, individuals which are fit are copied to the next generation. In this paper, the elitist selection criterion is used for choosing individuals in the current population to be copied to the next generation. Consider a generation with n chromosomes and the makespan of each chromosome is fi. For each chromosome in the population, we determine
The value of 
CROSSOVER
CROSSOVER CROSSOVER CROSSOVER In this operation two individuals are selected as candidates for crossover. In crossover, the chromosomes exchange genetic material and hopefully will result in fitter individuals. There are seven forms of crossover, namely one point crossover, two point crossover, uniform crossover, half uniform crossover, reduced surrogate crossover, shuffle crossover and segmented crossover. In this work, the one point crossover was used and will be explained in the following section. Reference [19] may be consulted for details of the other forms of crossover. 9. 9. 9. 9. ONE POINT CROSSOVER ONE POINT CROSSOVER ONE POINT CROSSOVER ONE POINT CROSSOVER In one point crossover, two chromosomes are randomly selected. One of the chromosomes is regarded as the Father and the other the mother. The first chromosome is considered as the father and the second the mother. There are six genes (activities represented as strings) in the chromosomes. A random number is generated between 1 and n-1.
Where n is the number of genes in the chromosome. In our example n = 6. This random number becomes the crossover point. For example, assume the random number generated equal 2. The crossover operation results in two new chromosomes which we call the son and daughter chromosomes. The first three genes n = 1.2 are selected from the father chromosome and copied into the first three positions in the sun chromosomes. The third to the sixth n = 3, 4, 5, 6 genes are copied from the mother chromosome to form the son chromosome as shown in Figure 5 .
B A D F C E Figure 5 : Son chromosome resulting from crossover operation with crossover point equal 2
In the case of the daughter chromosome, the first two genes of the daughter chromosome are selected from the mother chromosome and the others are selected from the father chromosome. The daughter chromosome is depicted in Figure 6 .
A B C F D E Figure 6 : Daughter chromosome resulting from crossover operation with crossover point equal 2
The one point crossover operation is relatively simple for binary coding of chromosomes. However for resource constrained project scheduling problems, there is a restriction that the sequence of the strings resulting from the crossover operation must form a precedence feasible schedule (chromosome). In string coding of chromosomes for resource constrained project scheduling however, the mutation operation is a little more challenging. This is because the mutation operation must result in precedence feasible chromosome.
11. STOPPING CRITERION 11. STOPPING CRITERION 11. STOPPING CRITERION 11. STOPPING CRITERION The Genetic Algorithm is essentially an iterative process in which we seek the optimal solution to a problem. As a result, we should be able to specify the conditions that should be met before the iterative process is discontinued and the best solution through all the generations taken as the optimal solution to the problem. There are two ways that can be used to terminate the iterative process. One popularly used method is to terminate the search process when over a number of generations; there is no improvement in the solution. Alternatively, the user can specify a maximum number of generations after which the search is terminated. In this project, the second mode of termination of the search process is used.
12.
12. 12. 12. NUMERICAL EXAMPLE I NUMERICAL EXAMPLE I NUMERICAL EXAMPLE I NUMERICAL EXAMPLE I In order to demonstrate the use of Genetic algorithm to the solution of Resource Constrained Project Scheduling problems two problems whose solutions have been obtained using other solution techniques are solved using the present method. The parameters used for obtaining the approximate solution using the Random key Genetic Algorithm solution were obtained from [18] . The network, as well as the activity durations, resource requirements for each activity and the resource constraints are presented. Figure 7 shows the network diagram drawn with activity on arrow convention. The activity durations as well as the resource requirements are shown in Table  1 . The resource constraint for the project network is equal to 2100 units per week. The first step in obtaining a Genetic Algorithm solution to the Resource Constrained Project Scheduling Problem is to represent the project network using the Activity On Node (AON) convention. Dummy activities are introduced at the beginning and at the end of the project in order to convert the project network to the AON convention. The project network drawn using the AON convention is shown in Figure 8 . 
DISCUSSION OF RESULTS
The result obtained using Genetic Algorithm for the problem solved by [16] is shown in Figures 9 and 10 . The initial population generated consists of eight precedence feasible chromosomes. The iteration was first carried out for thirteen generations and the makespan of each chromosome in each generation plotted against the chromosome number. It is instructive to note that the makespan of each chromosome in each generation have been plotted in the ordinate while the chromosome number has been plotted in the abscissa. This has been done in order to retain complete information about the quality of the solution represented by the chromosomes in each generation. Figure 9 shows that over the first two generations, the least makespan obtained equal to 13 weeks. However, with increase in generation number, fitter individuals having makespan of 12 weeks are obtained. In the 7 th generation, the makespan of all the chromosomes equal 13 weeks. Even though the makespan of all the chromosomes equal 13 weeks in the 7 th generation, the genetic algorithm is able to produce fitter individuals with makespan of 12 weeks subsequently. Over the thirteen generations used as the stopping criterion, it can be seen that the least makespan of any chromosome equal 12 weeks. In order to validate the finding in figure 9 that the least makespan possible is 12 weeks, the program is ran with a stopping criterion of 40 generations. The progression of the makespan as the generation number increased is shown in Figure 10 . The plot shows that the minimum makespan is equal to 12 weeks. This finding corresponds with that obtained by [16] who solved the same problem using the Tabular Graphical technique. 
